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Here we assess the potential magnitude of the economic effects of an ocean acidification (OA) catastrophe by focusing on key marine ecosystem services most likely to be affected: marine capture fisheries, aquaculture, and coral reefs.
I. Ocean Acidification Catastrophe Scenario

A. Ocean Conditions
We define an OA catastrophe scenario as a scientifically plausible level of OA and associated biophysical effects that enables an estimate of an approximate upper bound or potential magnitude of economic consequences over the coming two centuries.
Our scenario is based on IPCC RCP 8.5 and its extension to 2300, ECP 8.5 (Riahi et al. 1 In 2007 IPCC Working Group 1 stated: "Ecological changes due to expected ocean acidification may be severe for corals in tropical and cold waters [ ] and for pelagic ecosystems [ ]. Acidification can influence the marine food web at higher trophic levels." (Solomon et al. 2007) 2011). Atmospheric CO2 concentrations reach 1,000 ppm shortly after 2100 and stabilize at about 2,000 ppm shortly after 2200. Ocean pH levels decline by about 0.3 to about 7.8 in 2100. Because RCP 8.5 CO2 concentrations are consistent with those from previous highemission scenarios (e.g. SRES A1F1 and A2),
we also incorporate widely-used projections beyond 2100 of pH and ocean conditions, notably Caldeira and Wickett's (2005) "5,000
Pg C" case, under which pH falls to about 7.5 in 2200. For further details, see the appendix.
B. Biophysical Effects
Natural scientists have run numerous experiments and simulations during the past decade using treatments with seawater pCO2 equal to 1,000 and 2,000 µatm. Calcification rates were calculated for more than 9,000 reef locations using model values of Ωarag 3 and sea surface temperature at different levels of atmospheric CO2. The maps we produced show that by the time atmospheric partial pressure of CO2 will reach 560 ppm all coral reefs will cease to grow and start to dissolve (Silverman et al. 2009, p. 1) .
C. Upper Bound Loss of Ecosystem Services
These examples exemplify recent natural science findings and their increasing inclusion of economic consequences. Of course, we recognize the vast complexity of the systems and linkages involved. We concur with statements such as this one by Manuel Barange:
The scientific community needs to recognise the complexities involved….To extrapolate cell, organism, population, and ecosystem impacts to economic and social consequences, with a significant degree of confidence, is likely to be elusive for some time to come. (Himli et al., 24) Recognizing these complexities, we conclude that an OA catastrophe scenario based on 2,000 ppm CO2 and average pH of 7.5 by 2200 plausibly includes the following upper-bound consequences. First, a complete collapse of economically viable commercial marine capture fisheries (MEY goes to zero).
Second, an essentially complete collapse of recreational and subsistence marine fish harvests. Third, the essentially complete dissolution all coral reefs. Fourth, a substantial re-arrangement of the ocean ecosystem with an attendant loss of significant biodiversity.
We now briefly explore the first three, and also explain why aquaculture is likely to be minimally affected. 
II. Value of Lost Ecosystem Services
Shellfish hatcheries in Washington and
Oregon, which have faced significant challenges due to OA provide instructive examples of adaptation to these challenges.
Properly buffered water is a crucial input to aquaculture, just as fertilizer and water are to agriculture. It can be provided as an input.
Oregon are already doing this, mitigating OA's effects on calcifying clams and mussels through plant-level monitoring and carbonate injection (Geiling 2015 , Oliver 2015 . They have also adapted by moving hatchery operations to Hawaii (Welch 2012).
Based on this assessment, we suggest that the best current approximation of the long-run loss future rents from aquaculture under our OA scenario is zero.
C. Recreational Fishing
The World Bank (2012) 
III. Summary and Discussion
The sum of annual ecosystem service values assessed above ranges from $141 to 227 billion.
[ Insert Table 1 Here -] Short-run effects on capture fisheries could be quite harmful. Should OA continue unabated, the greatest economic challenge posed appears to be how to manage a slow but significant reallocation of resources away from capture fisheries and coral reef tourism. 
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